Objective: We aimed to evaluate whether early administration of high plasma to red blood cells ratios influences outcomes in injured patients who received massive transfusion protocol (MTP). Methods: A retrospective analysis was conducted at the only level 1 national trauma center in Qatar for all adult patients(≥18 years old) who received MTP (≥10 units) of packed red blood cell (PRBC) during the initial 24 h post traumatic injury. Data were analyzed with respect to FFB:PRBC ratio [(high ≥ 1:1.5) (HMTP) vs. (low < 1:1.5) (LMTP)] given at the first 4 h post-injury and also between (>4 and 24 h). Mortality, multiorgan failure (MOF) and infectious complications were studied as well.
Background
In severe trauma patients, exsanguinating hemorrhage is the most common cause of early death, which occurs within the first few hours of hospital admission [1, 2] . Up to 30 % of severely injured patients are coagulopathic upon arrival to the emergency department [3] . Moreover, the coagulopathy status developed early post traumatic injury invariably complicates the massive blood transfusion and damage control resuscitation pattern and outcome. Prior reports of the military and civilian experience that advocated the use of higher ratios of fresh frozen plasma (FFP) to packed red blood cells (PRBCs) showed an improvement in survival of trauma patients [4, 5] . These studies have addressed the implications of early aggressive hemostatic resuscitation to control coagulopathy, which potentially reduces the mortality rate. However, some investigators suggested that transfusion of inappropriate volumes of plasma might result in a higher incidence of infection or transfusion-associated acute lung injury [6] [7] [8] . According to the current guidelines of hemostatic resuscitation, severe trauma patients should be supplemented with a considerable amount of blood products (PRBC, FFP and platelet) in an early and continuous manner [9] . However, there is no consensus on the optimal ratio of FFP to PRBC for trauma patients requiring massive transfusion protocol (MTP). Borgman et al. [4] proposed a predictive model of MTP in severe trauma patients. The authors suggested that a high ratio (FFP: RBC) (≥15 TASH score) was an independent predictor of survival; whereas, the low ratio (<15 TASH score) was correlated well with higher complication rates.
There is still ongoing debate to define the most appropriate time and ratio of MTP that should be given to patients undergoing hemostatic resuscitation. Specifically, the appropriate timing and resuscitation ratio during the early hours of severe trauma remain unclear. Herein, we aimed to evaluate whether early administration of high plasma ratios to RBC influences outcomes in trauma patients receiving massive blood transfusion.
Methods
We conducted a retrospective analysis of the prospectively collected data of all adult trauma (≥18 years old) patients who received MTP. The study was conducted at the Hamad Trauma Center which is the only level 1 national trauma referral center in Qatar from January 2010 to December 2012. Blood bank records were used to identify patients who received more than 6 units PRBC. The records were then screened for subset of patients who received more than 10 units PRBC in the first 24 h. The medical records of patients were obtained to evaluate the ratio based on actual blood products transfused, the actual time of transfusion along with the details of other comorbid conditions, complications and outcome. All patients who died on arrival were excluded. We defined MTP as the infusion of ≥10 units of PRBC over the initial 24 h post-injury [10] . Injury Severity Scores (ISS) and Revised Trauma Scores (RTS) were collected from the hospital trauma database for all cases. Based on FFP: PRBC ratio at 4 h post-injury; patients were categorized into two groups i.e. high MTP (HMTP) who received FFP: PRBC ratio ≥ 1:1.5 and low MTP (LMTP) who received a FFP: PRBC ratio of < 1:1.5. The ratio of FFP: PRBC administered was calculated for each patient at 4 h and the ratios were also calculated based on the blood products given from 4 to 24 h post injury in the same cohort to look for the effect of timing and transfusion ratios. Our analysis is based on the actual transfusion of blood products and MTP of our institution including 6 units of RBC, 6 units of FFP, and 6 units of platelets. Two units of uncross-matched blood were available to each patient without delay. All patients were followed-up until hospital discharge or death. The outcomes measures included mortality, 1 st MTP International Normalized Ratio (INR), multiorgan failure (MOF) and infectious complications.
We intended to analyze the outcomes in relation to the transfusion ratios calculated initially at 4 h and at 4-24 h.
In particular, we looked at the effect of early (<4 h) MTP ratios on the final outcome.
Definitions
The diagnosis of MOF was based on a maximum Marshall Multiple Organ Dysfunction score > 5. Ventilator associated pneumonia (VAP) diagnosis was based on the quantitative culture threshold of ≥10 4 CFU/mL for broncho-alveolar lavage [11] . Blood stream infection (BSI) is a positive blood culture that not necessarily related to an indwelling central venous catheter. Whereas, line related infection was defined as catheter-related blood stream infections (CRBSI) which required positive peripheral cultures with the identical organism obtained from either a positive semi-quantitative culture (≥15 CFU/segment), or positive quantitative culture (≥10 3 CFU/segment) from a catheter segment specimen. Urinary tract infection (UTI) was confirmed if the urine specimen revealed ≥10 5 organisms/ml. This study was approved by the medical research center at Hamad Medical Corporation, Qatar (IRB # 11153/11).
Statistical analysis
Data were presented as proportions, mean ± standard deviation (SD) or median as appropriate. Baseline demographic characteristics, clinical presentation, and outcomes were compared according to FFP: PRBC ratio at 4 h (HMTP vs. LMTP). Pearson chi-square (X 2 ) test was used for categorical variables and student-t test for continuous variables. The Fisher's exact test was used, if the expected cell frequencies were below 5. A significant difference was considered when the 2-tailed p value was less than 0.05. Data analysis was carried out using the Statistical Package for Social Sciences version 18 (SPSS Inc. USA).
Results
During the 3-year study period, there were 4864 trauma admissions, of which 100 patients received massive blood transfusion. Finally, the study included 77 (1.6 %) cases in which ratios were attainable and the remaining 23 cases were excluded as they did not receive FFP within the first 4 h post-injury and so no ratio could be calculated. The mean age of patients was 33.7 ± 14 years and the majority of them were males (91 %). Blunt trauma accounted for most of cases (88.3 %). The median ISS, GCS and RTS were 29 (8-75), 4.4 ± 3.8, and 4 (1.2-7.8), respectively ( Table 1) . Lung contusion (62.3 %), head injury (50 %), pelvic (46.7 %) and rib fracture (35.5 %) were the most commonly associated injuries. The most frequent used operative interventions included exploratory laparatomy (66.2 %), Thoracotomy (24.7 %), repair of major vessels (22 %) and angioembolization (13 %). Among patients who underwent emergency operative interventions, 39 % had damage control surgery. The intra-operative mortality was 17 %. Focused assessment with sonography for trauma (FAST) was positive in more than half of the cases (53 %). The median intensive care unit (ICU) stay was 3 (1-45) days, the overall hospital length of stay was 2 (1-112) days and the hospital length of stay for patients who survived was 28 . Transport time to the trauma center was 64 ± 32.3 min. According to our institutional policy, blood transfusion begins only after arrival to the hospital, whereas prehospital crystalloid (normal saline) administration is initiated by EMS. Table 2 shows the clinical presentation and outcome of patients based on FFP: PRBC ratio (HMTP and LMTP) within the first 4 h. The mean age of the LMTP group was higher (37.6 ± 16.5 vs. 29.7 ± 9.5; P = 0.03) in comparison to HMTP group. However, both the HMTP (n = 31) and LMTP (n = 46) groups were comparable with respect to gender, mechanism of injury, prehospital intubation, Though, the frequency of VAP, wound infection and abdominal compartment syndrome were higher in the HMTP group, these trends did not reach statistical significance. However, BSI and UTI were non-significantly higher in LMTP group (Fig. 1) .
The overall mortality was 63.6 % ( Table 3) . Patients who died mainly had lung contusion (42.9 %), head injury (29.9 %), pelvic fracture (28.6 %), liver injury (24.7 %) and rib fractures (23.4 %). Moreover, significant number of patients in HMTP group who died had more rib fractures (66.7 % vs. 27.8 %; P = 0.01) than LMTP group. A non-significantly higher proportion of patients in LMTP group died within 6 h post-injury in comparison to HMTP. During the early period of resuscitation (<4 h), the incidence of MOF (48.4 % vs. 87.0 %, p = 0.001) and crude mortality (41.9 % vs.78.3 %, p = 0.001) were significantly lower in HMTP compared to LMTP group. However, in the later period (4-24 h) MOF and mortality were comparable among the two groups (Fig. 2) . Figure 3 demonstrates the time to all-cause mortality in those who received LMTP vs. HMPT (<4 h). The number of deaths was 3 times higher in LMTP in comparison to HMTP within the first 30 days (36 vs. 13 cases). The vast majority of deaths occurred within the first 24 h (80.5 % in LMTP and 69 % in HMTP) and particularly within the first 6 h (55 % vs. 46 %).
Discussion
The present study evaluates the implication of FFP to PRBC ratio and its appropriate timing in trauma patients who required MTP. Our findings support the survival advantage of attaining high FFP to PRBC ratio for trauma patients who are identified early (within the first 4 h postinjury). Historically, Kashuk et al. [12] suggested a 'bloody vicious cycle' in which hemorrhage, cellular shock and tissue injury contributed to the formation of the lethal triad of coagulopathy, hypothermia, and acidosis. About 24 % of severely injured patients had acute traumatic coagulopathy on the hospital arrival [3] . Recent evidence suggests that coagulopathy should be thought of as a primary event, which is independently associated with detrimental outcomes. Therefore, more attention has been given to control the worse outcomes of acute traumatic coagulopathy through hemostatic resuscitation which improves patient outcomes [13] . Particularly, the role of FFP in managing traumatic coagulopathy is well documented. Despite the fact that use of high transfusion ratios is still a debatable issue, the majority of studies supported early and aggressive plasma use to attain FFP: PRBC transfusion ratios as high as 1:1 [4, 14, 15] . However, in the current practice there is no consensus on the optimal cut-off between adequately high and low plasma to PRBC ratios. Table 4 presents a comparison of several studies with respect to different FFP: PRBC cut-off ratios, timing and outcomes [4, 5, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Our study revealed a significant improvement in the crude mortality and MOF rate when a FFP: PRBC transfusion ratio ≥1:1.5 was attainable within the initial 4 h of admission. As it have been shown in Fig. 3 ; the number of deaths within the first 30 days was 3 times higher in LMTP group and most deaths occurred within the first 24 h and particularly within the first 6 h in the 2 study groups.
Comparable survival benefit was documented in other studies that have used similar high transfusion ratios at different time durations [14] [15] [16] . However, achievement of such ratio as early as in the first 4 h and its impact on patient outcome has been described recently by Mitra et al. [19] . Consistent with our findings, the authors reported survival benefit for higher FFP: PRBC ratios during the first 4 h of resuscitation in severely injured blunt trauma patients. Moreover, the low FFP: PRBC ratio during the early phase was independently associated with the risk of mortality. Of note, the improvement in mortality and MOF rates with high transfusion ratios were observed only during the early period of hemostatic resuscitation and were not seen later on (>4 -24 h) in our study. Hence, we believe that the survival benefit observed in other studies when the ratios were calculated at 24 h is possibly a dilution effect.
Snyder et al. [17] introduced the question of survival bias for transfusion ratio in massively transfused trauma patients. The authors observed a significant association between improved survival and high transfusion ratios during the first 24 h. But this relationship did not sustain after adjustment for survival bias in the study cohort.
Similarly, Teixeira et al. [18] conducted a 6-year retrospective study to analyze the effect of plasma transfusion (≥10 PRBC) among massively transfused patients and observed a survival benefit for higher FFP: PRBC ratio during initial 24 h. De Baisi et al. [25] reported that mortality was significantly correlated with worse plasma deficit during the initial 2 h of resuscitation but no association with plasma ratio was reported. A similar association was observed among the massive transfusion group at 24 h.
Several studies have shown a correlation between FFP transfusion and the development of hospital complications. Khan et al. [26] suggested that FFP transfusion is independently associated with the risk of acute lung injury and acute respiratory distress syndrome (ARDS). In addition, Sperry et al. [5] observed 2 times higher risk of ARDS in patients resuscitated with a high FFP: PRBC ratio. In contrast, our study reported a lower MOF rate among the high ratio group within the early as well as late phase. Both groups were comparable in terms of the initial coagulopathy, injury severity and demographic status except for age. We also noted progressive improvement in the coagulopathy status in the high ratio group. These results substantiate our current understandings of the utility of aggressive plasma use to prevent and treat early onset coagulopathy after injury. Furthermore, the rate of nosocomial infections did not reach statistical significance in either group. However, high ratio group patients had higher rates of wound infection and pneumonia which might explain the potential complications and risks attributable to this type of resuscitative practice.
Our study has some limitations including its retrospective nature. Being a single institution study, we are limited with the small sample size and power in addition to the lack of detailed description of the coagulation management. We were also not able to account for the incidence of ARDS. Also, the possibility of survival bias and incompleteness of collected data cannot be ruled out. We were looking for the MTP and the death burden from exsanguination, not the over-all death burden. After all, an MTP's main objective is to reduce deaths from traumatic hemorrhage. All deaths due to the severity of injury were 'pre-ordained' already. To date most of the studies have calculated FFP: PRBC ratios at 24 h. Therefore, analysis of ratios at 4 h would help to counter survival bias to some extent [19] . The proper ratios and time for administrating MTP in trauma patients are not well defined yet in the literatures (Table 4 ). In our institute, the MTP protocol was fully implemented in 2011 and so the difference in transfusion practice can be attributed to practice variation as well as the 'learning curve' that attends the implementation of any new clinical protocol. Furthermore the data were collected retrospectively so we cannot assume the exact reason behind this time and ratio variations except for physician discretion in the absence of hospital protocol at that time. Lastly, multi-year retrospective studies might suffer from the same 'potential bias' that could be encountered in our analysis.
Conclusions
The mortality risk associated with low FFP: PRBC ratios of <1:1.5 may occur very early, possibly secondary to ongoing coagulopathy and hemorrhage. Aggressive attainment of high FFP/PRBC ratios as early as 4 h post injury can substantially improve coagulopathy and reduce mortality and MOF rates. The present study is an audit of massive transfusion strategies used at our center which highlights the current experience of managing exsanguinating trauma patients. The analysis of appropriate transfusion ratios and timings provides useful information regarding the correct ratios of blood component and avoiding wastage of the blood products. This information can form the basis for developing research based uniform massive transfusion guidelines for the appropriate use of various blood components. Furthermore, it can be the basis for designing massive transfusion research focusing high transfusion ratios targeted within the first 4 h. Therefore, large prospective studies are needed to validate our findings for a balanced FFP: PRBC ratio that would decrease the overall PRBC utilization and the decision needed for massive transfusion. 
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